We have succeeded in a corrosion suppression of metal gates using HF and organic solvent (IPA) mixture with high selectivity for High-k/SiO 2 in FEOL process of the next generation devices.
Introduction
We have succeeded in a corrosion suppression of metal gates using HF and organic solvent (IPA) mixture with high selectivity for High-k/SiO 2 in FEOL process of the next generation devices.
In order to achieve high performance and low stand-by power applications, the integration of a new metal gates materials and High-k dielectric is necessary for 45nm technology node and beyond ULSI devices. Recently, many candidate materials such as TiN, Mo and Ru have been investigated for metal gates due to address the work function tuning issue in future generation. As a main High-k material has changed from HfO 2 to HfSiO(N) for low stand-by power application, a diluted HF (DHF) is used for residual High-k removal and post-etch residues removal. Therefore, special chemicals with high selectivity for HfO 2 /SiO 2 (Shallow Trench Isolation: STI) have not been required. However, another problem happened, it creates a risk of galvanic enhanced corrosion at the gates electrode level during DHF wet process as shown in Fig.1 . We attempted a water less solution consisting of HF and IPA for galvanic corrosion suppression.
Experimental
As a model case, we selected Mo for a metal in the stack (work function metal) and doped poly-Si for second material on top (conductor). To investigate a water less solution, we synthesized IPA (97%) containing HF (1.5%) and H 2 O(1.5%) as shown in Table. 1. This solution is called IPA+HF solvent. In the structure of Mo/poly-Si, etching rates of doped poly-Si and galvanic currents were investigated for DHF (1%) and IPA+HF solvent. Anode (poly-Si)/cathode(metal) area ratios were fixed at 1:1 in this experiment. The galvanic currents between anode and cathode in DHF and IPA+HF solvent were also measured using a potential analyzer. Morover, the selectivity of HfSiO 2 /SiO 2 was also investigated for DHF and IPA+HF solvent.
Results and discussion
The poly-Si etching depth of Mo/poly-Si was measured after dipping in the solutions as shown in Fig.2 . Fig.3 shows the time dependence of poly-Si etching depth for Mo/poly-Si in DHF and IPA+HF solvent. The etching depth with IPA+HF solvent was drastically suppressed compared to that with DHF. Fig.4 shows the time dependence of galvanic currents for DHF and IPA+HF solvent.The galvanic currents of IPA+HF solvent are one order magnitude smaller than that of DHF. These results are supposed that the galvanic corrosion can be suppressed in IPA+HF solvent.
The galvanic enhanced corrosion of Mo/poly-Si is larger than that of poly-Si/poly-Si due to a large potential difference between the materials in DHF. A large potential difference will be the driving force for the galvanic corrosion phenomena increasing the corrosion kinetic of the less noble material and reducing the corrosion of the more noble material. The galvanic corrosion between materials depends on the electrochemical properties of the materials that can act as anode or cathode on the wafer surface in the wet processes.
In the solution, metal (Mo) acts as cathode electrode and poly-Si acts as anode electrode as shown in Fig.2 . Especially, as the corrosion currents are enhanced in the doped poly-Si with high conductivity, surface Si atoms are ionized easily. And SiF 4 is formed between Si 4+ and on the surface and F -in the solution as shown by the following reaction, SiF 4 is dissolved into the solution.
Si 4+ + 4F -SiF 4 On the other hand, as Si ionization is suppressed in water less solvent, the galvanic current is reduced and galvanic corrosion is also suppressed. Fig.5 shows the dependence of poly-Si etching rates on water concentration in IPA+HF solvent for Mo/poly-Si. The etching rates increased with increasing water concentration and the galvanic currents also increased. This result indicates that galvanic corrosion largely depends on water concentration.
This solvent can also achieve high selectivity of 20 for HfSiO 2 /SiO 2 as shown in Table 1 . This wet technology using IPA+HF can be achieved to suppress galvanic corrosion with high etching selectivity of High-k (HfSiO)/SiO 2 .
Conclusion We have achieved a corrosion suppression of metal gates using IPA+HF solvent for FEOL process. This novel wet technology can be improved the performances of the next generation devices with doped poly-Si/metal gates/High-k structure. 
